Fibroblast growth factor 21 (FGF21) has been proposed to be an antiaging hormone on the basis of experimental studies in rodent models. However, circulating FGF21 levels are increased with aging in rodents and humans. Moreover, despite the metabolic health-promoting effects of FGF21, the levels of this hormone are increased under conditions such as obesity and diabetes, an apparent incongruity that has been attributed to altered tissue responsiveness to FGF21. Here, we investigated serum FGF21 levels and expression of genes encoding components of the FGF21-response molecular machinery in adipose tissue from healthy elderly individuals (≥70 years old) and young controls. Serum FGF21 levels were increased in elderly individuals and were positively correlated with insulinemia and HOMA-IR, indices of mildly deteriorated glucose homeostasis. Levels of β-Klotho, the coreceptor required for cellular responsiveness to FGF21, were increased in subcutaneous adipose tissue from elderly individuals relative to those from young controls, whereas FGF receptor-1 levels were unaltered. Moreover, total ERK1/2 protein levels were decreased in elderly individuals in association with an increase in the ERK1/2 phosphorylation ratio relative to young controls. Adipose explants from aged and young mice respond similarly to FGF21 "ex vivo". Thus, in contrast to what is observed in obesity and diabetes, high levels of FGF21 in healthy aging are not associated with repressed FGF21-responsiveness machinery in adipose tissue. The lack of evidence for impaired FGF21 responsiveness in adipose tissue establishes a distinction between alterations in the FGF21 endocrine system in aging and chronic metabolic pathologies.
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Fibroblast growth factor 21 (FGF21) is a member of the endocrine FGFs subfamily. Pharmacological treatment with FGF21 ameliorates age-related metabolic disorders such as insulin resistance, dyslipidemia, and obesity in rodents (Coskun et al., 2008; Kharitonenkov et al., 2005) , and pilot studies in humans indicate that treatment with an FGF21-analog has beneficial effects on hyperlipidemia and body weight (Gaich et al., 2013) . Sustained increases in FGF21 levels attained by transgenic overexpression of FGF21 extend the lifespan of mice (Zhang et al., 2012) , suggesting that FGF21 is a pro-longevity hormone. Circulating FGF21 levels in humans increase with age from 5 to 80 years in healthy individuals independently of body composition (Hanks et al., 2015) . In contradiction, low levels of FGF21 are related to healthy aging in centenarians (Sanchis-Gomar et al., 2015) . In addition, endurance exercise in elderly individuals reduces FGF21 levels (Taniguchi, Tanisawa, Sun, Kubo, & Higuchi, 2016) . Thus, it has been suggested that the increases in FGF21 that parallel aging are related to the appearance of an age-related FGF21-resistant state, as has been proposed in metabolic diseases (Salminen, Kaarniranta, & Kauppinen, 2017) . In obese and diabetic patients, FGF21 levels are abnormally elevated and an FGF21-resistant state has been claimed to accompany these pathologies (Fisher et al., 2010) . FGF21 is produced primarily in the liver and targets several tissues, mainly adipose tissue but also the brain and heart. The effects of FGF21 are mediated through interactions with FGF receptors on cell surface and require the coreceptor β-Klotho . In fact, expression of β-Klotho determines the specific responsiveness of cells to FGF21 and FGF19, another endocrine FGF that originates in the intestine. β-Klotho expression and the ratio of phosphorylated ERK (extracellular signal-regulated kinase) to total ERK, a marker of the extent of intracellular signaling driven by FGF21, are reduced in adipose tissues of obese patients with type II diabetes (Gallego-Escuredo et al., 2015) .
In this study, we analyzed FGF21 levels and alterations in the expression of genes encoding components of the FGF21-responsive molecular machinery in adipose tissue from aged individuals so as to ascertain whether altered FGF21 responsiveness that develops with aging jeopardizes human health and/or accelerates metabolic disturbances associated with aging.
To this end, we studied a cohort of 28 healthy elderly individuals (≥70 years) with no overt signs of metabolic or other pathologies and compared them with a cohort of 35 young healthy controls (≤40 years). Serum FGF21 levels were significantly increased in elderly individuals compared with young healthy controls ( Figure 1a ). This is in line with previous reports describing an increase in FGF21 levels with aging (Hanks et al., 2015) . The levels of FGF19, an endocrine FGF whose effects are also mediated by β-Klotho, were unaltered with aging. Thus, the inverse relationship observed between FGF21 and FGF19 in obesity and diabetes-upregulation of FGF21 and downregulation of FGF19-(Gallego-Escuredo et al., 2015) did not occur in healthy elderly individuals, despite the significant increase in FGF21 (Figure 1a) . Despite the absence of overt diabetes, our population of aged individuals showed an increase in glycemia and insulinemia relative to young individuals (Table 1) , an observation previously reported and considered an indication of impaired functionality of general metabolic homeostasis with age (Barzilai, Huffman, Muzumdar, & Bartke, 2012) . In fact, FGF21 levels were positively correlated with glucose levels (r = 0.197, p = 0.048), insulin levels (r = 0.224, p = 0.038), and insulin resistance, measured as HOMA-IR, (r = 0.427, p = 0.005) in the studied cohort.
We obtained subcutaneous adipose tissue biopsies from elderly (n = 13) and young control (n = 10) individuals and analyzed several components of the FGF21-responsive molecular machinery. We found that expression of the β-Klotho gene was significantly increased in elderly individuals compared with young healthy controls ( Figure 1b) . Expression of the gene for FGF receptor-1 (FGFR1), the main FGF receptor that mediates FGF21 action in adipose tissue , was not changed. In line with gene expression results, β-Klotho protein levels, measured by immunoblotting, were higher in subcutaneous adipose tissue from elderly individuals compared with those from healthy young controls (Figure 1c) . Moreover, decreased ERK1/2 protein levels in elderly individuals were accompanied by an increase in the extent of ERK1/2 phosphorylation, resulting in a significantly higher ratio of phospho-ERK1/2 to total ERK1/2 protein in adipose tissue from elderly individuals than in those from young controls (Figure 1c An increase in systemic and local inflammation with aging has been reported (Cevenini et al., 2010) . High tumor necrosis factor (TNF)-α levels and local inflammation have been shown to inhibit β-Klotho expression in adipose tissue (Diaz-Delfin et al., 2012) , and it has been hypothesized that a local proinflammatory environment is responsible for β-Klotho downregulation in obesity. Consistent with this, we found that plasma levels of the proinflammatory cytokines, TNFα and monocyte chemoattractant protein-1 (MCP-1), were significantly higher in healthy elderly individuals than in young controls (Table 1) , 2012, 2015 ) . As a result, further intervention-based studies would be required to fully determine systemic and tissue-specific sensitivity to FGF21 in human aging.
There are some obvious limitations to our study. 
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